Methods to predict intestinal viability after release of vascular occlusion were evaluated in a rat model of reversible segmental strangulation. Visual criteria of colour, pulsation and peristalsis in the ischaemic intestine were applied both in the immmediate period after restoration of the circulation and at 'second-look' 24 hours later. In addition two simple tests using a Doppler probe and surface fluorescence were evaluated. As a test in identifying nonviable intestine the fluorescent method had an overall sensitivity of 96% with a specificity of 95% for all types of vascular occlusion, which compared favourably with the other methods tested.
Introduction
In extensive small intestinal ischaemia it is important to preserve any potentially recoverable bowel. When nonviable intestine is not resected the error becomes apparent with onset of complications. The identification of potentially recoverable intestine, however, is more difficult.
Methods A model of intestinal ischaemia was developed in male Sprague-Dawley rats weighing 495 + 20 g. The object was to produce uniform ischaemic injuries that varied only in the duration of occlusive time. Arterial, venous and mixed arterial and venous occlusions were produced so that blood flow could be restored after the desired ischaemic period. The animals were maintained in a stable physiological state by giving them parenteral fluid and antibiotics until they were killed 48 hours after the release of vascular occlusion when the intestinal segments were examined histologically to determine viability. Anaesthesia was induced by an intraperitoneal injection of chloral hydrate (36 mg/kg). A uniform 6 cm segment of terminal ileum was isolated from the circulation (Figure 1 ). The blood flow through the segmental mesenteric pedicle was interrupted by applying a microvascular clip to occlude selectively either the primary nutrient artery or vein or both. Two rubber tubing stents were introduced into the intestinal lumen via an enterotomy some distance away and positioned so as to isolate the chosen loop. Tapes tied over the bowel and marginal vessels at the sites of the stents interrupted the collateral flow from adjacent segments. The tape was threaded through a silicone ring so that it could be cut without traumatizing the bowel. Blood flow was restored by removing the clip and by dividing the tape. A further advantage of this model was that the additional effects of raised intraluminal pressure on tissue perfusion were eliminated. The completeness of vascular occlusion and the return ofpatency after the release ofocclusion were verified by intravascular silicone injection.
Fifteen minutes after the release of occlusion viability was assessed visually using colour, peristalsis and pulsation as indicators. Using a little contact gel, a gas sterilized Doppler probe was applied lightly to the antimesenteric surface of the intestine at an angle of 45 degrees and the pulsatile blood flow recorded. Care was taken not to manipulate the bowel unduly and blood flow was recorded in both the ischaemic segment and a normal loop with the intestine lying undisturbed in the peritoneal cavity. Fluorescein was then injected intravenously (0.5 mg/kg) and its pattern of uptake in the bowel wall observed using a Wood's light of 300 nm.
After these assessments were made the abdomen was closed. Twenty-four hours later each animal was re-explored and the viability of the ischaemic segment was again assessed visually ('second-look').
All the animals were killed 48 hours after the release of occlusion when both the ischaemic and control segments were examined microscopically by an independent histopathologist.
The accuracy of each method i-n correctly predicting a nonviable intestinal segment was calculated in terms of sensitivity and specificity. The measure of agreement with the final histological diagnosis of viability was determined by the kappa coefficient of agreement and expressed as a probability (Cohen 1960) .
Results
Six patterns of fluorescence were recognized, two of which (1 and 2) predicted survival in the majority of intestinal segments and four of which (3 to 6) predicted necrosis. Histological criteria of viability at 48 hours were found to correlate well with ultimate intestinal viability in certain animals followed for longer periods.
The following patterns of fluorescence were seen (Gorey 1980 ): Type 1: (Normal pattern): The dye was taken up uniformly in the bowel wall and glowed a bright yellow green without granularity. Type 2: (Fine granular): There was a uniform distribution of fine granular spots where the dye did not fluoresce as brightly as in the remaining bowel. Type 3: (Perivascular punctate): This pattern was seen only in venous occlusions. The straight vessels that arch over the intestinal surface fluoresced brightly with a regular spotted fluorescence in between.
Type 4: (Coarse granular): The dye was taken up in the bowel wall in an irregular blotchy distribution with areas of no uptake in between. Type 5: (Perivascular): Only the straight mural vessels fluoresced with complete failure of fluorescence in between. Type 6: (No uptake): There was no fluorescence whatsoever in the ischaemic segment.
Sixteen segments were subjected to pure arterial occlusion and the outcome in the 6 that recovered was correctly predicted by all 4 methods. Ten segments were nonviable and of these 6 were predicted as such by visual assessment, 3 by Doppler, 9 by fluorescence and all 10 by 'second-look'.
Of 22 segments with venous strangulation 6 were viable by final histological criteria and the outcome in all 6 was predicted by 'second-look', while standard clinical criteria predicted 1, Doppler 4 and fluorescence 5. Sixteen segments were nonviable and all were correctly predicted by both clinical criteria and fluorescence while Doppler incorrectly predicted 11 and 'second-look' incorrectly predicted 7.
Twenty-six segments had mixed arterial and venous occlusion. Of these 7 proved ultimately viable and were all identified as such by the 4 methods. Of 19 that failed to recover viability clinical criteria predicted 9, fluorescence 18 and 'second-look' 12. Only 16 nonviable segments were available for Doppler assessment due to a broken probe in 3 tests and of these the outcome in 10 segments was predicted correctly. These results are summarized in Table 1 . Sensitivity indicates the percentage of nonviable segments detected, whereas specificity indicates how often an evaluation of a segment as nonviable was correct. The sensitivity and specificity were calculated from standard formulae (Fortuin & Weiss 1977) and expressed within 95% confidence limits assuming a binomial distribution. 
Discussion
Traditional clinical assessment in predicting recovery of ischaemically damaged intestine is inadequate and many methods have been suggested in an attempt to increase predictive accuracy. Papachristou & Fortner (1976) injected trypan blue into the superior mesenteric artery and they found a correlation between focal failure of dye uptake and areas of necrosis and perforation. More recent methods such as electromyography (Schamaun 1967 ) and injection of radioactive microspheres (Zairns et al. 1974 ) require expensive equipment and technical expertise.
In the present study visual criteria alone applied immediately after the release of venous occlusion tended to overpredict necrosis, although some nonviable segments were not detected at 'second-look'. This discrepancy can only be explained by the fact that the appearance of intestinal segments subjected to venous strangulation improved sufficiently from mural haematoma and oedema to give a false impression of recovery. Wright & Hobson (1975) first used the Doppler ultrasound device to monitor blood flow in the small arteries in the intestinal wall, as a measure of bowel viability. Cooperman et al. (1978) used the presence of a Doppler signal to predict anastomotic viability in experimental intestinal ischaemia in baboons. In the present model the Doppler was insensitive in detecting nonviable intestine. It had a high degree of specificity, however, in arterial and mixed vascular occlusions, which would mean that when the nonviability of a segment was predicted by Doppler that it was correct. The technique gave rise to several difficulties with the rat model used here. It was difficult to achieve consistent apposition of the probe on the intestinal surface, due to the small diameter of the rat intestine relative to the probe tip. It was found that manipulation of the bowel made detection of the signal more difficult.
Fluorescein was first used to monitor perfusion after release of strangulation by Lange & Boyd (1942) . Stolar & Randolph (1978) extended the use of fluorescence after release of strangulation to predicting the viability of the ischaemically injured intestine.
The overall sensitivity of the fluorescence test in correctly identifying nonviable intestine was 96% for all three types of vascular occlusion. The overall specificity of the test was 95%, which means that 5% of segments predicted as nonviable were in fact capable of recovery.
These false positives are seen in venous occlusions where the intramural haemorrhage and oedema obscures the surface fluorescence. However, most methods overpredict necrosis in venous strangulation. Doppler ultrasonography as a predictor of intestinal viability in this model was less satisfactory than in the experience of others. The fluorescence method was more objective and can be easily and quickly used in emergencies.
